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(57) ABSTRACT

In a joint prosthesis the head cap 1s connected via a collar
piece to the shaft piece which may be anchored 1n the bone.
The collar piece 1s coupled to the shaft piece by a joint head
in a ball-jointed manner. The articulation surfaces between
the joint cavity in the shaft piece and the articulation head on
the collar piece are embodied such that on pressing the
articulation head to the base of the joint cavity, edges or
projections on the one articulation surface digs into the other
articulation surface lying on a virtual spherical surface. It 1s
thus possible to achieve a ball-joint like articulation,
whereby the spherical surfaces may have a relatively large
production tolerance without the above affecting the clamp-
ing connection between the articulation surfaces.
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JOINT PROSTHESIS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119 to

Swiss Application 2235/00 filed 1n Switzerland on Nov. 16,
2000, and as a continuation application under 35 U.S.C.
§120 to PCT/CHO01/00674 filed as an International Appli-
cation on 16 Nov. 2001 designating the U.S., the entire
contents of which are hereby incorporated by reference in
their entireties.

This application 1s also related to U.S. patent application
entitled “Endoprosthesis For A Shoulder Joint”, Ser. No.
10/088,630, filed Mar. 20, 2002, to U.S. patent application
entitled “An Endoprosthesis For A Shoulder Joint”, Ser. No.
10/438,836, filed on even date herewith and to U.S. Patent
Application entitled “Joint Prosthesis”, Ser. No. 10/438,970,
filed on even date herewith, each of which 1s hereby incor-
porated herein by reference 1n 1ts enfirety.

BACKGROUND

1. Field

The 1nvention relates to a joint prosthesis.
2. Background Information

A composite endoprosthesis with a metal shaft and a
ceramic joint part 1s known from EP 0 024 442. The ceramic
part has a conical or cylindrical recess. Support ribs are
formed on a metal pin of the metal shaft, said pin being
intended for mtroduction into the recess. Said ribs are
plastically and elastically deformed on the fitting of the
harder ceramic joint part. A press fit 1s thus obtained between
the endoprosthesis parts.

From EP-A-0 712 617 a humeral head prosthesis 1s
known wherein an articulation ball connected to a head cap
via a shank 1s articulated on a shaft piece in a cavity with a
hollow spherical base. To fix the articulation ball in the
cavity, one or more grub screws are provided which can be
screwed through the shaft piece against the articulation ball.
In one exemplified embodiment, the articulation ball, which
1s of cut-open C-shape, 1s pressed together by the grub screw
in order to clamp therein the shank which fits in a central
bore 1n the articulation ball. In another exemplified
embodiment, a grub screw 1s provided which can be screwed
along the shank axis through the articulation ball and against
the cavity base. With this screw the articulation ball is
pressed against the opening of the cavity through which the
shank projects from the cavity. In another example, projec-
fions cooperating with recesses 1n the ball surface are
provided at the base of the cavity for indexing the position
of the articulation ball 1n the cavity.

From WO 99/34756, which corresponds to FR-A-2 773
469, a shoulder prosthesis 1s known wherein a collar piece
pivotable after the style of a ball jomnt 1n the shaft piece 1s
articulated 1n a hemispherical recess 1n the shaft piece. The
collar piece has a hemispherical articulation surface and a
conical surface which 1s eccentric in relation to an axis
through the ball center of said articulation surface, for the
fitting of a joint cap therecon. The collar piece has a bore
which 1s open from the cap side and has a hemispherical
base. A screw with a spherical head which 1s introduced 1nto
the bore and which can be screwed into the shaft piece
through an opening in the base of the bore 1s introduced 1nto
said bore. The spherical surfaces of the hemispherical recess
in the shaft piece, the articulation surface on the shaft piece,
the base of the bore and the screwhead must have the same
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center. Each two co-operating hollow and solid spherical
surfaces must also be made very exactly and have the same
radius. Minimal deviations from the 1deal dimensions result
in the collar piece being mnadequately tightly connected to
the shaft piece 1n order to reliably prevent unintentional
pivoting of the collar piece relatively to the shaft piece
during the use of the joint. The precision of the spherical
surfaces required for the purpose has proved very difficult to
achieve.

DE-U-299 18 589 has the object of precisely obviating
this disadvantage of co-operating spherical surfaces. For this
purpose 1t proposes an endoprosthesis for a shoulder
wherein a rotary member 1s disposed 1n a shait piece and 1s
rotatable only about a first axis. A directional piece 1is
articulated on the rotary piece for pivotal movement about
just one second axis. A head cap can be disposed on the
directional piece. The directional piece extends along a
collar axis which—thanks to the first and second axes
crossing one another—can be brought like a ball joint into
any desired position and secured therein.

DE-U-299 18 589 teaches avoiding the ball joint and
simulating the ball joint movement by dividing it into two
independent movements about two discrete axes. The articu-
lation and friction surfaces between the shaft piece, rotary
member and directional member, due to the fact that spheri-
cal surfaces were avoided, are surfaces of bodies of rotation
such as a cylinder, torus and cone. These surfaces are much
simpler to make with sufficient precision.

To secure the pivoting movement of the directional mem-
ber relatively to the rotary member, it 1s proposed that the
co-operating articulation surfaces should advantageously
simply so correspond that linear contact takes place between
them. For this purpose, the articulation surface on the rotary
member can be constructed as a channel with two planar
surfaces at an angle to one another. A bore 1n the directional
member against which the spherical head of a screw presses,
can also be made conical. It 1s further proposed that the
articulation surfaces can also have edges and pins which are
adapted to be pressed into the co-acting surface during the
tightening of the screw. No example of this 1s given.

SUMMARY

The present invention 1s directed to a joint prosthesis with
a shaft piece for anchoring in the bone and a collar piece
articulated thereon in the manner of a ball joint, and a head
cap disposed on the collar piece, both to increase the
production tolerances for the articulation surfaces involved
in the ball joint and also increase the reliability of 1mmobi-
lizing the ball joint compared with the prior art.

According to the invention, 1 an exemplary joint
prosthesis, at least one first one of the two co-operating
articulation surfaces has at least one edge and/or point. In
addition, the articulation surfaces are so constructed 1in
respect of their shape that only one or more contact zones
occur between the edge and/or point of the first articulation
surface and the second articulation surface lying on a virtual
spherical surface. In addition, the articulation surfaces are so
constructed with respect to material that under the action of
the pressure forces occurring during the pressure application
at least the second articulation surface 1s plastically deform-
able 1n the contact zone by the edge and/or point of the first
articulation surface.

As a result, when the pressure piece 1s pressed into
contact, at least one edge or point of one articulation surface
digs 1nto the second articulation surface thus providing
engagement of the two articulation surfaces by a toothing or



US 6,318,019 B2

3

clawing effect. The toothing allows the production toler-
ances to be raised. As a result, even 1f the surface shapes do
not correspond, and even 1n the event of relatively consid-
erable 1maccuracies of dimensions, a ball joint 1s created
which can be reliably immobilized. To pivot or turn the joint
head relatively to the joint cavity once the head has been
fixed, requires deformation of the material and therefore
very considerable forces. Nevertheless, the joint head 1s
cguided 1n the joint cavity and pivotable in the manner of a
ball joint as long as the pressure piece 1s not pressed tightly

into contact but simply bears 1n contact.

The joint prosthesis has a shaft piece for anchoring 1n the
bone. This 1s adapted to the bone 1n known manner and 1s
optionally selected from a set of shaft pieces. A collar piece
1s articulated on the shaft piece and defines a collar axis. The
collar piece 1s equipped to receive a head cap or part of the
head cap. The joint prosthesis 1s also provided with a head
cap which 1s designed for the joint socket co-operating with
the head cap. The head cap 1s as far as possible shaped so as
to approximate the distal natural cap and 1s optionally
therefore selected also from a set of caps. The joint pros-
thesis also comprises at least one pressure piece for pressing
the collar piece against the shaft piece and means for
connecting the pressure piece and the shaft piece. For the
articulation of the collar piece on the shaft piece there i1s
formed either on the collar piece or on the shaft piece a joint
cavity and on the other piece a joint head for disposing 1n the
joint cavity. The joint head i1s pivotable or turnable 1n the
joint cavity at least about two axes at right angles to one
another. Depending on whether the joint socket 1s or 1s not
also replaced, the joint prosthesis also has an artificial joint
socket anchorable 1n the bone. If the natural socket is
retained, the head cap co-operates therewith.

The plastic deformation of a contact zone 1 the joint
cavilty or a contact zone on the articulation surface of the
joint head not only has the result that the necessary precision
of the parts can lie within conventional production toler-
ances and no increased requirements apply to the production
and checking of dimensional stability of the parts. The
deformation of the articulation surface also results 1n a
non-pivotable connection between the shaft piece and the
collar piece. In the deformed zone, 1f the articulation sur-
faces are pressed, both or else just one participating surface
can be deformed. If it 1s predominantly the collar piece
which experiences deformation, this can be replaced, for
example on a revision of the joint prosthesis, without 1t
being necessary to replace the shaft piece.

If the contact zones between the base of the joint cavity
and the joint head have one or more punctiform contacts, or
even one or more continuous or interrupted linear contacts,
the magnitude of the pressure exerted in these zones 1is
inversely proportional to the size of the contact zones. In this
way more 1ntensive deformations can be obtained.

If one of the articulation surfaces i1s formed by one or
more body edges or one or more body points and the other
articulation surface 1s formed by a surface zone, the body
points and body edges are pressed 1nto the other articulation
surface and deformed articulation surfaces form, the align-
ment of which 1s situated transversely of a tangent to a circle
about the pivot center. This results 1n a toothing between the
collar piece and the shaft piece, and therefore a secure
connection which also withstands relatively considerable
forces on the ball joint between the base and the collar piece.
The surface zone can be smooth or rough. The possibilities
of the meaning of smooth extend from untreated after
machining, to polished. A rough surface can be grooved or
porous, 1t can be etched, blasted, cast or machined or
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otherwise structured. Advantageously, 1t should be consid-
ered that the two articulation surfaces remain pivotable
practically continuously relatively to one another. Rough
surfaces are therefore more suitable for linear contact and
smooth surfaces more for point contact.

In the exemplified embodiments, the contact zone 1s
situated on a virtual spherical surface. An advantage of this
1s that the pivotability after the style of a ball joint between
the collar piece and the shaft piece 1s obtained without
additional steps. If one articulation surface, for example of
the joint head, 1s a spherical surface, an articulation surface
cooperating with this spherical surface zone advantageously
forms edges situated transversely of the strongest torques
acting on the collar piece before and after clamping. This
prevents turning of the collar piece about the collar axis, thus
ensuring that the selected position between the collar piece
and the shaft piece 1s not changed during or after the
compression of these two parts. Conversely, the spherical
surface zone may have grooves and edges. These are also
advantageously situated transversely of the strongest torque
acting on the collar piece.

In addition to the small contact area zones between the
shaft piece and the collar piece, 1t 1s also advantageous to
provide such zones between the collar piece and the pressure
piece. There 1s therefore advantageously at least one con-
finuous or interrupted linear contact between the joint head
and the pressure piece.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained with reference to
exemplified embodiments. In the drawings:

FIG. 1 1s a partial section through a shoulder joint
prosthesis according to an exemplary embodiment of the
invention with a spherical joint head 1n a joint cavity with a
circular edge as articulation surface.

FIG. 2 1s a partial sectioned view of an exemplary
shoulder joint prosthesis without a head cap and with points
on the joint head of the collar piece, said points being
directed against a spherical base of the joint cavity.

FIG. 3 1s a partial section of an exemplary shoulder joint
prosthesis with a spherical joint head and circular edges
pressable mto the joint head and also a point of this kind 1n
the base of the joint cavity.

FIG. 4 1s a partial section of the head zone of an
exemplary shoulder joint prosthesis with a cylindrical joint
head 1n a spherical joint cavity.

FIG. 5 1s a partial section of the head zone of an
exemplary shoulder joint prosthesis with circular edges
formed at the base of the joint cavity and 1n contact with a
spherical surface on the jomnt head and an interrupted
circular line as an articulation surface between points situ-
ated on a circle, on the articulation head, and a spherical
surface on the pressure piece.

FIG. 6 1s a sectional view through the head zone of an
exemplary shoulder prosthesis with a spherical joint head
and a conical base for the joint cavity.

FIG. 7 1s a partial section of the head zone of an
exemplary shoulder prosthesis with a hemispherical base for
the joint cavity and a joint head formed cylindrically therein
towards said base and which comprises a spherical surface
towards a pressure disc with a circular edge as articulation
surface.

FIG. 8 15 a section through the head zone of an exemplary
shoulder prosthesis with a hemispherical joint cavity and a
cylindrical joint head, wherein the pressure means 1s a screw
through the center of the joint head.
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FIGS. 9 and 10 are views of two exemplary parts together
forming a collar piece.

FIG. 11 1s a plan view of the collar piece made up of the
parts shown 1n FIGS. 9 and 10 with an eccentric ring.

FIG. 12 1s a partial section of an exemplary shoulder joint
prosthesis with a collar piece according to FIGS. 9 to 11 and
a clamping member.

DETAILED DESCRIPTION OF THE DRAWINGS

For the sake of clarity, like and similar parts have the same
reference numerals 1 the following detailed description of
the exemplified embodiments.

The shoulder joint prostheses 11 illustrated in FIGS. 1 to
9 and 13 comprise a shait piece adapted to be anchored 1n
the patient’s humerus bone or a shaft piece 13 with a shaft
shank 15 and a shaft head 17. A joint cavity 19 1s formed in
the shaft head 17. A collar piece 21 1s articulated on the shaft
piece 13. It comprises an articulation head 25 bearing 1n the
joint cavity 19 and a collar extension 27. A head cap 29 1s
fitted or adapted to be fitted on the collar extension 27 and
co-operates with an artificial glenoid 12, as shown 1n FIG. 1,
or with a natural glenoid.

A collar axis 33 1s defined by the direction of the collar
extension 27. In a middle position of the collar piece 21, the
collar axis 33 coincides with the axis of the joint cavity 19.
This direction of the collar axis 31 must be adjusted indi-
vidually for each patient. To enable the collar axis 33 to be
aligned 1n respect of inclination and anteversion or
retroversion, for example perpendicularly to the sectional
surface at the patient’s bone, the collar piece 21 1s mounted
in the joint cavity 19 after the style of a ball joint. The collar
axis 1s thus adapted to be deflected from the middle position
through an angle of about 20° in any direction.

FIG. 1 shows a first exemplified embodiment of a shoul-
der joint prosthesis 1n which a circular edge 23 at the base
of the joint cavity 19 forms a bearing for the ball of the joint
head 25. Said circular edge 23 1s formed by the orifice edge
of a central second bore 1n the flat base of a first bore 1n the
shaft head 17, said first bore forming the main volume of the
joint cavity 19. The larger first bore has a radius correspond-
ing to the ball radius of the joint head 21, but may also be
larger to enable the joint head 235 to be 1nserted into the joint
cavity 19. The smaller second bore has a radius correspond-
ing approximately to the circular edge 23. The joint ball 25
1s guided by the two circular edges 23, 37 of the smaller bore
and of the passage opening 35.

A passage opening 35 for the collar extension 27 1s
formed 1n the pressure application disc 31. Its diameter can
correspond to that of the second bore. The passage opening
35 has a circular opening edge 37, which bears against the
joint head 25. On one side, the pressure disc 31 1s articulated
by a hinge nose 39 1n a hinge recess 41 1n the shaft head 17.
The hinge nose 39 and hinge recess 41 are adapted to be
pushed into one another so that the pressure disc 31 and the
shaft piece 13 can be released from one another. On the
hinge side, a slot can be formed i the pressure disc 31
between two hinge noses 39 so that the pressure disc 31 1s
horseshoe or C shaped. On the side opposite the hinge nose
the pressure disc 31 1s screwed to the shaft head 17 by a
screw 43. This gives a three-point clamping between the two

hinges 39, 41 and the screw 43.

If the circular edges 23 and 37 bear against the ball
surface of the joint head 25 without pressure being exerted

on the latter, the collar piece 21 1s pivotable relatively to the
shaft head 17 after the style of a ball joint. To fix the joint
head 21 1n the shaft head 17, the screw 43 1s tightened so that
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the two circular edges 23, 37 are moved towards one
another. In these conditions, the circular edges 23, 37 are
pressed 1nto the ball surface of the joint head and deform 1t
plastically. This gives a very stifl connection between the
collar piece 21 and the shaft piece 13 anchorable 1n the bone.

FIG. 2 shows a second exemplified embodiment of a
shoulder joint prosthesis 11. The jomnt head comprises a
spherical surface zone 45 and three pointed members 47.
The points 49 of the members 47 have the same distance

from the ball center as the spherical surface. The points 49
are directed towards the base of the joint cavity 19. In the
pivoting zone of the pomnts 49 the joint cavity 19 has a
hollow spherical surface 50 with the same radius as the
spherical surface of the jomnt head 21. The points 49 bear
against this hollow spherical surface. The hollow spherical
surface 50 1s formed 1n the base of a cylindrical joint cavity
19. A great circle of the spherical surface of the joint head
21 1s 1n contact with the cylindrical generatrix of the joint
cavity 19.

A collar extension 27 extends through a passage opening
35 1n a pressure application disc 31. A head cap selected
from a set of head caps 1s fixed on 1t. The pressure disc 31
1s articulated on one side on the shaft head 17 by a pivot 51
and 1s pivotable with respect to the shaft head 17 about the
pivot 51. The pressure disc 31 1s C-shaped and the
C-opening 52 points away from the pivot 51. Thus when the
pressure disc 31 1s swung up the joint head 25 can first be
introduced into the joint cavity 19 and then the disc can be
swung back. The pressure disc 31 1s adapted to be screwed
to the shaft head 17 by a screw in each of the two C-limbs
(only the axis of the screw is shown). Here, as in the first
exemplified embodiment, the passage opening 35 has an
opening edge 37 directed towards the joint head 25 lying in
the joint cavity 19. When the screw 43 1s tightened, the joint
head 25 1s pressed with this opening edge 37 against the base
of the joint cavity 19. In these conditions, the points 49 of
the poimnted members 47 dig into the hollow spherical
surface 50 of the joint cavity 19. Depending on the pressure
conditions and the materials selected, the opening edge 37
also digs 1nto the spherical surface of the joint head.

In the third exemplified embodiment shown 1n FIG. 3, the
pressure piece 1s formed by a cap nut 53. This 1s adapted to
be screwed 1nto the joint cavity 19 1n a screwthread in the
cdge of the latter. Like the cap nut i1n the exemplified
embodiments shown 1n FIGS. 6 and 7, 1t can also surround
the edge of the joint cavity 19. Here, however, the cap nut
also bears against the spherical joint head 25 along practi-
cally a great circle and thus forms a lateral guide for said
head. This guide 1s not absolutely necessary, since guidance
of the joint head 25 1s already provided by the two circular
cdges 23 and 37. Like the pressure plate 31 1n the first two
exemplified embodiments, the cap nut engages the joint

head 25 with the opening edge 37 of the passage opening 35
for the collar extension 27.

The cylindrically stepped joint cavity 19 has a first radius
with the screwthread. A smaller second radius has almost the
radius of the jomnt head 25. The orifice edge of this second
hollow cylinder with the second radius forms a first circular
edge 55. During the pressing operation the joint head 1is
pressed 1nto this second hollow cylinder, a clamping fit
occurring between the jomnt head 25 and the first circular
edge 55. A second circular edge 23 with a smaller radius than
the first and a point 57 on the axis 33 of the cylindrical bore
at the base of the joint cavity 19 lies approximately on a
spherical surface having the same radius as the ball of the
joint head 25. When the joint head 25 1s pressed 1nto the joint
cavity 19, they dig into the surface of the joint head.
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FIG. 3 also shows a double eccentric for accurate align-
ment of the head cap 29 to the contour line of the sectional
surface at the bone. The double eccentric 1s made up of an
eccentric ring 59 which 1s adapted to be pushed on to the
collar extension 27, having the axis 61, and a recess 65
disposed eccentrically to the cap axis 63 1n the head cap 29
to receive the eccentric ring 59. A clamping fit 1s provided
between the collar extension 29 and the eccentric ring 59,
and between the latter and the recess 635. It 1s necessary to
separate the collar piece 21 and the eccentric ring 59 because
the eccentric ring 59 does not fit through the passage
opening 37. If the collar extension 27 1s msertable into the
joint head 25, the eccentric ring 59 can also be made 1n one

piece with the collar extension §7.

Since the 1nvention 1s independent of the shape of the
shaft piece or shaft piece 13, FIGS. 4 to 9 show only the
shaft head 17 with the collar piece 21 and the pressure piece,
partly with and partly without eccentric and head cap 29.

FIG. 4 shows a fourth exemplified embodiment with a
joint cavity 19 in the shaft head 17 with a substantially
hemispherical articulation surface 67, a cap nut 53 with a
concave, substantially hemispherical articulation surface 69
and a collar piece 21 with a cylindrical joint head 25. The
cylindrical joint head 25 has two circular edges 71, 73 one
of which co-operates with the articulation surface 67 of the
joint cavity 19 and the other with the articulation surface 69
of the cap nut 53. The circular edges 71, 73 are situated on
a virtual spherical surface with substantially the same radius
as the spherical surfaces 67, 69 of the joint cavity 19 and the
cap screw 33. To adjust the radius of the virtual spherical
surface all that 1s necessary 1s to change the length of the
joint head 25. The radius of the virtual sphere 1s advanta-
geously somewhat larger than the radius of the hollow
spherical surfaces of the two articulation surfaces 67, 69. It
1s easy to obtain suflicient accuracy of the correspondence of
the two sphere radii, since the articulation surfaces 67, 69
and the circular edges 71, 73 are plastically deformable

FIG. 5 shows a fifth exemplified embodiment in which the
pressure plate 31 1s not a cap nut with a screwthread but
holds 1n the shaft head 17 by a clamping fit. It has a hollow
spherical articulation surface 69 which co-operates with an
mterrupted circular edge 73 on a partially cylindrical joint
head 25. The circular edge 73 1s divided up by incisions in
the joint head 25 to form a series of body points 47, the
points 49 of which dig into the articulation surface 69 when
the pressure disc 31 1s knocked mto the shaft head 17. The
jomt cavity 19 has two circular edges 23, 23" which
co-operate with a spherical surface 75 on the joint head 285.
In this exemplified embodiment also, it 1s relatively easy to
obtain correspondence of the radu of the spherical surface
75 and of the circular edge 73 at the joint head 25, with the
radil of the virtual spherical surface on which the circular
cdges 23, 23' lie and of the articulation surface 69 at the
pressure disc 31, since the required deformation of the
contact zones allows larger tolerances than the pressing of
two congruent articulation surfaces can. Clamping between
the shaft piece 13 and the pressure disc 31 can be achieved
directly by way of a cone. Preferably, however, the clamping
of the pressure disc 31 1s obtained as illustrated by means of
a wedge clamping with, for example, a wedge 76 engaging
in the form of a C round the pressure disc.

The sixth exemplified embodiment shown 1 FIG. 6
comprises a conical base 77 for the jomnt cavity 19 and a
spherical joint head 25 on the collar piece 21. The surface of
the base 77 has 1ncisions 79 1n the direction of the genera-
trices through the cone apex. The result 1s the formation
between the incisions 79 of edges 81 transversely of a
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direction of rotation about the axis 33. The pressure disc 31
1s 1ixed on the shaft head 17 by a cap nut 53. The collar piece
21 1s integrally equipped with an eccentric 83. The pressure
disc 31 1s C-shaped. The C-opening has a width which
enables a collar zone 85 to be introduced between the joint
head 25 and the eccentric member 83 of the collar piece 21
through said C-opening into the passage opening 37 of the
pressure disc 31. The cap nut 53 1s either also C-shaped or
has an opening width which enables the cap nut 53 to be
pushed down over the eccentric member 83 or up over the
joint head 25 on to the collar piece 21. In the latter case, the
cap nut first has to be pushed over the joint head 25 and then
the pressure disc 31 has to be inserted between the joint head
25 and the cap nut 53. In this example, the articulation disc
31 1s rotatable relatively to the cap nut 53. The advantage of
this 1s that on tightening of the cap nut 53 a torque can be
transmitted to the collar piece 21. On the tightening of the
cap nut 53 the opening edge 37 1s not turned relatively to the
jomnt head 25 but only pressed against the latter. In the
untightened state the collar piece 21 can be turned around
the collar axis 33. As a result, the eccentric member 83 can
be brought 1nto the required position.

FIG. 7 shows by reference to a seventh exemplified
embodiment a very simple variant of the pressure plate and
another possibility of combining cylindrical and spherical
members and openings to achieve a connection 1n the form
of a ball joint which has already been constructed a number
of times between the joint cavity and the joint head and
between the shaft head 17 and the collar piece 21. In this
example, the joint cavity has a hemispherical base 67 which
co-operates with a circular edge 23 of a cylindrical joint
head 25. Towards the pressure disc 31, however, the joint
head 1s of spherical construction so that the circular opening
edge 37 of the pressure disc 31 bears uniformly against the
joint head in any pivoted position thereof. The articulation
disc 31 1s adapted to be screwed to the shaft head 17 by two

screws 43.

FIG. 8 shows that the invention can also be applied
without a pressure disc 31. In this eighth exemplified
embodiment the collar piece 21 1s of cylindrical construction
and the joint head 25 1s stepped to form two circuit edges 23,
23' on a virtual spherical surface. These circular edges 23,
23' co-operate with the hollow spherical surface of the joint
cavity 19. The collar piece 21 1s now of hollow construction
and a screw 87 fits in this cavity 89 1n such manner that its
screwthreaded portion emerges through an end-face opening
in the collar piece and 1s adapted to be screwed 1n the base
of the joint cavity. A circular edge 91 1s formed on the
frusto-conical screw head and co-operates with a hollow
spherical surface at the base of the cavity 89. The collar
piece 21 1s made integral with the eccentric 83. In the
tichtened state of the screw 87, the edges 91, 23, 23' are
pressed into the spherical surfaces and thus reliably prevent
any pivoting of the collar piece 21 relatively to the shaft
head 17. The centers of the different spherical surfaces then
advantageously practically coincide. Smaller deviations
from an exact correspondence of the sphere centers are,
however, compensated by the deformations.

The exemplified embodiments can also be modified to the
cifect that the joint cavity 1s formed 1n the collar piece and
the joint head in the shaft head. The collar extension need
not be made integral with the joint head but can be provided
as a shank which can be secured in the joint head. The
construction of the pressure piece 1s substantially indepen-
dent of the construction of the articulation surfaces between
the joint cavity and the joint head, so that the most diverse
combinations are possible amongst the embodiment varia-
tions shown and mentioned.




US 6,318,019 B2

9

It should also be noted that the joint head 25, for example,
need not be a solid member. It can, for example, as shown
in FIGS. 9 to 11, be made up of individual parts. FIGS. 9 and
10 show the elevations of two parts 93 and 94 in the form
of plates which can be fitted together. Assembled the parts
93, 95 form a collar piece 21 which can be used 1nstead of
the collar piece 21 m FIG. 2. The parts 93, 95 are simple to
make. For example they can be laser cut from a plate or be
cast. The edge surface 97 need not be a spherical surface. As
a result of pressing into the joint cavity the edges 99 are so
deformed that there 1s a large-area contact and also very
ogood toothing between the shaft head 17 and the collar piece

21. The part 93 1n FIG. 9 can be pushed with the slot 101
across the slot 103 on the part 95 1n FIG. 10 on to said part
95 so that all the edges 99 are situated on a common
spherical surface. In the collar extension 27 there 1s formed
in both parts 93, 95 a groove 1nto which a screw 105 can be
screwed.

The collar extension 27 made up of the two parts 93, 95
forms a cross with a central square recess. The eccentric ring
59 can be placed on this cross. As a result of the cross shape
of the collar extension 27 and a corresponding recess in the
eccentric ring, 1t 1s 1impossible for the eccentric ring 59 to
turn relatively to the collar piece 21. To {ix the eccentric ring
59 on the collar extension 27 and the two parts 93, 95 against
one another, the screw 105 can now be screwed 1n, resulting
in clamping between the parts 93, 95 on the one hand and the
ceccentric ring 59 on the other hand. In FIG. 11, the
assembled collar piece 21 with the eccentric ring 59 1s
shown 1n plan view. This view shows how the edge surfaces
97 of the two parts are constructed orthogonally to the plate
plane.

FIG. 12 shows a tenth exemplified embodiment 1n which
the collar piece 21 1s made up of two parts 93, 95. Except for
the shape of the joint head 25, the collar piece 21 corre-
sponds exactly to the collar piece 21 shown i FIGS. 9 to 11.
The shaft head 17 1s provided with a cylindrical joint cavity
19 in which a body edge 23 1s formed against which the
edges 99 of the collar piece 21 bear. The collar piece 21 1s
pressed by a pressure disc 31 against the base of the joint
cavity 19. The force with which the pressure disc 31 1is
pressed against the shaft 13 1s transmitted by a clamping
member 107 on to the said disc 31. The clamping member
107 bears against the outside of the pressure disc 31 and
engages behind an undercut 109 in the shaft head 17. It 1s
made from a resilient material so that a relatively large force
1s exerted on the pressure plate. The clamping member 107
can also directly form the pressure disc 31.

It will be appreciated by those skilled i1n the art that the
present invention can be embodied 1n other specific forms
without departing from the spirit or essential characteristics
thereof. The presently disclosed embodiments are therefore
considered 1n all respects to be 1llustrative and not restricted.
The scope of the mvention i1s indicated by the appended
claims rather than the foregoing description and all changes
that come within the meaning and range and equivalence
thereof are intended to be embraced therein.

What 1s claimed 1s:

1. A joint prosthesis, comprising:

an artificial joint socket for anchoring 1n a first bone, or for

an articulating co-operation with a natural joint socket
1n a first bone;

a shaft piece for anchoring 1in a second bone;
a joint cavity 1n the shaft piece;
a collar piece which defines a collar axis and comprises a

joint head, which joint head 1s disposed in the joint
cavity;
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articulation surfaces co-operating 1n the joint cavity and at
the joint head such that the collar piece 1s articulated on

the shait piece as a ball joint;

at least one pressure piece for pressing the joint head nto

the joint cavity;

means for connecting the pressure piecce and the shaft

piece; and

a head cap disposed on the collar piece, wherein at least

a first one of the co-operating articulation surfaces has
at least one edge and/or point and a second articulation
surface lies on a virtual spherical surface such that at
least one punctiform and/or linear contact zone 1s
present between the first articulation surface and the
second articulation surface, and wherein the articula-
tion surfaces are constructed of material such that under
pressure force during pressing into contact at least the
second articulation surface 1s plastically deformable by
the edge and/or point of the first articulation surface.

2. A joint prosthesis according to claim 1, wheremn the
second articulation surface i1s formed by a surface zone.

3. A jomnt prosthesis according to claim 1, wherein the
edge 1s situated transversely of a direction of rotation of the
collar piece about 1ts collar axis.

4. A joint prosthesis according to claim 1, wherein the
surface zone 1s spherical and has grooves.

5. A jomnt prosthesis according to claim 4, wherein the
grooves are situated transversely of a direction of rotation of
the collar piece about 1ts collar axis.

6. A joint prosthesis according to claim 1, wherein at least
onc linear contact exists between the joint head and the
pressure piece.

7. A joint prosthesis according to claim 1, wherein the
pressure piece and the shaft piece are adapted to be screwed
together.

8. A joint prosthesis according to claim 7, wherein the
pressure piece comprises a pressure disc with a passage
opening for the collar piece.

9. A joint prosthesis according to claim 8, wherein the
pressure disc 1s annular.

10. A joint prosthesis according to claim 8, wherein the
pressure disc 1s C-shaped.

11. A joint prosthesis according to claim 8, wherein the
pressure piece 1s a cap nut or 1s fixable by a cap nut.

12. A joint prosthesis according to claim 11, wherein the
pressure disc 1s rotatable relative to the shaft piece about an
axis through the passage opening.

13. A joint prosthesis according to claim 12, wherein the
cap nut 1s adapted to be connected to the shaft piece by a
bayonet fastener.

14. A joint prosthesis according to claim 11, wherein the

pressure piece 1s non-rotatable relative to the shaft piece
with respect to an axis through the passage opening.

15. A joint prosthesis according to claim 8, wherein the
pressure disc 1s adapted to be connected to the shaft piece by
resilient clamping means.

16. A joint prosthesis according to claim 8, wherein the
pressure disc 1s fixed on the shaft piece to be pivotable about
an axis transversely of the collar axis.

17. A joint prosthesis according to claim 8, wherein the
pressure disc 1s adapted to be clamped fast on the shaft piece
by a clamping connection.

18. A joint prosthesis according to claim 2, wherein the
edge 1s situated transversely of a direction of rotation of the
collar piece about its collar axis.
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19. A joint prosthesis according to claim 18, wherein at
least one linear contact exists between the joint head and the
pressure piece.

20. A jomt prosthesis according to claim 1, wherein the
pressure piece comprises a pressure disc with a passage
opening for the collar piece.

21. A joint prosthesis according to claim 20, wherein the
pressure disk 1s rotatable relatively to the shaft piece about
an axis through the passage opening.

12

22. A joint prosthesis according to claim 20, wherein the
pressure piece 1s non-rotatable relative to the shaft piece
with respect to an axis through the passage opening.

23. A joint prosthesis according to claim 12, wherein the

5 pressure disc 1s fixed on the shaft piece to be pivotable about
an axis transversely of the collar axis.
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